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D e scription 

DIFFUSER FOR A GAS TURBINE, AND GAS TURBINE FOR POWER 

GENERATION 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is the US National Stage of International Application No. 
PCT/EP2004/007947. filed July 16, 2004 and claims the benefit thereof. The International 
Application claims the benefits of European Patent application No. 03018566.4 EP filed 
August 18, 2003. All of the applications are incorporated by reference herein in their entirety. 

FIELD OF THE INVENTION 
[0002] The invention relates to a gas turbine in accordance with the claims preamble of 
claim 1 and to a diffuser in accordance with the claims pr e ambl e of claim 13 . 

BACKGROUND OF THE INVENTION 
[0003] DE 196 39 623 has disclosed a gas turbine for power generation having a compressor 
and an annular combustion chamber. A diffuser, which diverts the compressed air provided by 
the compressor at the annular compressor outlet in the direction of the burner arranged at the 
end side of the annular combustion chamber, is arranged between the compressor and the 
annular combustion chamber. For this purpose, the diffuser has flow-guiding contours as well 
as a metal diverter sheet which is C-shaped in cross section and is secured by a holder 
crossing the flow passage. Furthermore, a plurality of stationary removal tubes distributed 
over the circumference are arranged in the diffuser, coaxially with respect to the rotor, for 
removing cooling air, which removal tubes remove cooling air at the compressor outlet and 
pass it to the turbine stages of the gas turbine. 

[0004] The holder for the C-shaped metal diverter sheet constitutes an obstacle blocking the 
flow passage formed by the diffuser. The arrangement of the removal tubes also interferes 
with the air which is flowing in the diffuser and is passed to the burners. This can give rise to 
flow losses. Furthermore, the tubes, which are distributed over the circumference, have to 
have a minimum diameter required to ensure that sufficient cooling air is provided for the 
turbine stages, so that not only the compressed air which flows out of the center of the 
compressor outlet but also the compressed air at the edge of the compressor outlet is removed. 
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[0005] Furthermore, FR2706533 has disclosed a diffuser for a turbomachine, in which a part- 
stream is removed in the diffuser in order to set a cabin pressure, to deice the body of the 
machine or to start the engine of an aircraft. A wedge-shaped distribution element, which 
initially divides the compressor end air flow into two part-streams, is arranged in the widening 
flow passage of the diffuser. Then, a third part-stream is removed from the inner part-stream 
through an opening arranged behind the tip of the distribution element. This third part-stream 
is routed outward through the hollow ribs which support the distribution element against the 
outer wall. The third part-stream removed in this way is then used for the abovementioned 
purposes. In a further configuration, the diffuser which is known from FR2706533 has an 
inner and outer ribs supporting the distribution element. The inner ribs are in this case 
provided with an opening for decoupling the part-flow, through which opening the third part- 
flow that is to be decoupled can enter the cavity in the rib. 

[0006] Since the part-flow removed in this way is used for deicing or, for example, to set the 
cabin pressure, the demands imposed on the air flow in terms of degree of contamination, 
pressure and temperature are relatively low. 

[0007] By contrast, relatively high demands are imposed on the cooling air for the turbine 
blades and vanes of a stationary gas turbine, in order on the one hand to achieve a particularly 
high efficiency and on the other hand to avoid or reduce blockages or cross-sectional 
narrowings of impingement cooling openings or film cooling holes caused by particle 
deposits. 

SUMMARY OF THE INVENTION 
[0008] Therefore, the object of the present invention is to provide a compact diffuser with a 
partial air removal and a gas turbine having a diffuser of this type, which allows improved 
removal, in terms of fluid dynamics, of a part-flow used as cooling fluid for turbine blades and 
vanes. Furthermore, the part-flow needs to satisfy the demands relating to the degree of 
contamination, pressure and temperature required for use as cooling fluid in a gas turbine. 

[0009] The object relating to the gas turbine is achieved by the features of the claims claim 1 . 
Advantageous configurations are given in the claims subclaims . 

[00010] The solution with regard to the gas turbine provides that to decouple a part-stream 
that can be used as cooling fluid, the opening is provided on the leading edge, facing the flow, 
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of the distribution element (35) in the form of an annular gap opening (49) in the central 
region between the outer wall and the inner wall. The distribution of the compressed fluid 
takes place in a space-saving diffuser, which allows the cooling fluid for turbine stages to be 
removed in a manner which is favorable in terms of flow and causes little turbulence and loss. 
At the same time, it is possible for the remaining fluid to be passed onward in a favorable 
manner in the direction of its subsequent areas of use, the annular combustion chamber walls. 
The distributed fluid streams cross one another without being significantly impeded and 
without generating flow losses, since the supporting elements are provided with a streamlined . 
profile. 

[00011] If possible, a particularly clean and cool cooling fluid is usually employed. 
(Suspended) particles contained in the cooling fluid can be deposited at the impingement 
cooling openings of impingement-cooled components, such as for example turbine blades or 
vanes, which are exposed to a hot gas, and in the worst possible scenario even block these 
openings. 



[00012] On account of the swirl in the fluid which is present at the compressor outlet and 
in the annular flow passage, (suspended) particles which it has been impossible to filter out by 
mechanical means seek to move toward the radially inner and outer edges of the flow passage. 
Likewise, higher temperatures and a lower pressure in the fluid are present at the radially inner 
and outer edges of the flow passage than in the center lying between them. Consequently, the 
annular opening is arranged at precisely the position in the diffuser at which the fluid which is 
most suitable for the cooling of the turbine stages is flowing. As a result, the fluid which is 
most suitable for cooling automatically flows into the distribution element, forming a dynamic 
pressure, and is thereby separated from the remaining fluid, which is less suitable for turbine 
cooling. The remaining fluid, which is subsequently used for combustion, is warmer than the 
decoupled cooling fluid and is at a lower pressure. 

[00013] The coaxial annular gap opening causes the fluid to be decoupled as cooling fluid 
over the entire circumference of the annular distribution element. Accordingly, the annular 
gap can be made narrower than the diameter of the removal tubes known from the prior art. In 
this way, only the coolest, cleanest fluid provided with the highest pressure is decoupled as 
cooling fluid downstream of the compressor outlet or diffuser inlet. 
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[00014] In an advantageous configuration, the distribution element is reinforced and 
strengthened by ribs which are provided in the annular gap, run in the axial direction and are 
distributed over the circumference of the annular gap. At the same time, these ribs serve as 
guide elements in the distribution element for the cooling fluid which has already been 
decoupled, so that it is routed in the direction of the supporting element. It is therefore 
advantageous for the annular gap opening to be segmented along the circumference. 

[00015] The walls which form the flow passage are already diverging in the portion of the 
flow passage which the distribution element is connected upstream of. This increases the 
pressure in the fluid, which has a positive effect on the pressure of the decoupled cooling 
fluid. 

[00016] If the annular distribution element is designed in a wedge shape by means of two 
walls and is arranged centrally between the two diverging walls of the diffuser, so that in each 
case one wall of it and the opposite wall of the diffuser in each case form an annular part- 
passage for the fluid, it is possible for the fluid intended for combustion of a fuel to be divided 
into two part-streams of approximately equal size. The radially inner part-stream of the fluid 
can then still be used to cool the radially inrier annular combustion chamber wall before it is 
used for combustion, and the part-stream of the fluid which is routed radially outward can be 
used to cool the radially outer annular combustion chamber wall. 

[00017] A particularly low-loss flow profile for the two part-streams can be achieved if the 
two part-passages have a substantially constant cross section of flow over their flow length. 

[00018] For reliable securing of the distribution element and for low-loss crossing of the 
decoupled cooling fluid through the radially inner part-stream, the hollow supporting elements 
which route the cooling fluid in the interior are supported against the inner wall located on the 
radially inner side. This allows the cooling fluid which has been decoupled or removed by the 
distribution element in the center of the fluid flow to be diverted in the direction of the rotor 
with low losses. 

i 

[00019] The decoupled cooling fluid can be routed to the turbine unit in a particularly 
simple way if it is routed radially inward by the supporting element in order to be made 
available to the turbine stages in a manner which is favorable in terms of fluid dynamics. For 
this purpose, the cavity in the supporting element is in communication with an annular 
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passage which is located further radially inward, is arranged between the combustion chamber 
and the rotor and can pass the cooling fluid on to the turbines. 

[00020] The fluid is expediently compressor air. A particularly cool cooling air can be 
made available to the turbine stages if a tube with a nozzle runs through the cavity in the outer 
supporting elements, which nozzle opens out downstream of the opening, as seen in the 
direction of flow, and by means of which a liquid for generating heat of evaporation can be 
injected into the cooling fluid stream. As a result, less cooling air is required, with the result 
that the opening can be made narrower and cooling air can be saved. Likewise, the diffuser 
and the distribution element can be made more compact. The cooling air saving likewise leads 
to an increase in the efficiency of the gas turbine. 

[00021] It is expediently possible for a tube to extend through the cavity in the outer 
supporting elements, which tube opens out in a passage which is arranged in the distribution 
element and is flow-connected to the radially inner part-passage, so that a fuel can be 
introduced into the part-passage. An inexpensive option is to use water as the liquid. 

[00022] The object relating to the diffuser is achieved by the features of the claims claim 
43-. The associated advantages correspond to those explained in the statements given above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00023] The invention is explained with reference to a drawing, in which: 

Fig. 1 shows a diffuser with a distribution* element arranged between the compressor outlet 
and the annular combustion chamber, 

Fig. 2 shows part of a segmented distribution element, and 

Fig. 3 shows a partial longitudinal section through a gas turbine. 

DETAILED DESCRIPTION OF THE INVENTION 
[00024] Fig. 3 shows a gas turbine 1 with a rotor 5 which is mounted such that it can rotate 
about an axis of rotation 3. Along the rotor 5, the gas turbine 1 has a compressor 7, an annular 
combustion chamber 9 and a turbine 13, which is formed by four successive turbine stages. A 



2003P1 1342WOUS Sub. Specification Marked DJR.rtf 



Page 5 of 9 



2003P11342WOUS 
PCT/EP2004/007947 

i 

plurality of burners 1 1 are provided at the annular combustion chamber 9, distributed over its 
circumference. 

[00025] The compressor 7 draws in ambient air, compresses it and transfers it to a 
downstream diffuser 15, which is secured to the annular combustion chamber end of the 
compressor 7. The compressed air is distributed in the diffuser 15. The majority of the air is 
routed along the annular combustion chamber 9 for cooling purposes then mixed with a fuel, 
after which it is burnt by means of the burners 11 in the annular combustion space 1 7 to form 
a hot working medium 19. In the turbine 13, the working medium 19 flows past guide vanes 
23 and rotor blades 25 in the hot-gas duct 21. As it does so, the working medium 19 expands 
at the rotor blades 25 secured to the rotor 5, so as to drive these blades. The rotational energy, 
which can be tapped off at the rotor 5, is used to drive an electrical generator. 

•> • 
[00026] Fig. 1 shows the annular diffuser 15 arranged between compressor 7 and annular 

combustion chamber 9 in detail. From a diffuser inlet 27, the diffuser 15 initially extends in 

the axial direction toward the annular combustion chamber 9. A flow passage 29 is delimited 

by an inner wall 31 located on the radially inner side and an outer wall 33 located on the 

radially outer side. The two walls 31, 33 diverge in the direction of flow of the fluid F. 

[00027] As the flow passage 29 continues, an annular distribution element 35 that is 
wedge-shaped in cross section is arranged in the diffuser 15, coaxially with respect to the rotor 
5. The distribution element 35 has a wall 37 which lies opposite the inner wall 31 located on 
the radially inner side and a wall 39 which lies opposite the outer wall 33 located on the 
radially outer side. The wall 37, together with the inner wall 31 located on the radially inner 
side, forms a part-passage 45 for a part-stream 41 . A further part-passage 47 for a further part- 
stream 43 is delimited by the wall 39 and the outer wall 33 located on the radially outer side. 

[00028] At its leading edge 48 facing the flow of fluid F, the annular distribution element 
35 has an annular gap opening 49. 

[00029] Upper supporting elements 53, which are of rib-like and streamlined 
configuration, extend between the outer wall 33 located on the radially outer side and the wall 
39. Similarly shaped lower supporting elements 55 extend between the wall 37 and the inner 
wall 31 located on the radially inner side. The annular distribution element 35 is positioned 
and held in the annular diffuser 15 by means of the supporting elements 53, 55. The 
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supporting elements 53, 55 are each of hollow design. The lower supporting elements 55 are 
flow-connected to the annular gap element 49, on the one hand, and to the annular passage 57 
that coaxially surrounds the rotor 5, on the other hand. 

[00030] A water tube 59, which ends in the distribution element 35 downstream of the 
annular gap opening 49, as seen in the direction of flow, can be fitted radially from the outside 
through the upper supporting element 53. An injection nozzle 63 is secured to that end of the 
water pipe 59 which faces the distribution element 35. At the opposite end, the water pipe 59 
is connected to a water source. 

[00031] A further fuel pipe 61, which passes through the upper supporting element 53, 
extends into the distribution element 35, where it is in communication with a passage which 
opens out into the first part-passage 45. A fuel B can be fed to the fuel pipe 61. While the gas 
turbine 1 is operating, air which has been compressed by the compressor 7 flows as fluid F 
through the diffiiser inlet 27 into the diffuser 15. The wedge-shaped distribution element 35 
divides the fluid F into two part-streams 41, 43 of approximately equal size and a middle part- 
stream 51. The part-stream 51, in the region of the leading edge 48, flows into the annular gap 
passage 49 and is thereby removed or decoupled from the fluid flow. 

[00032] The first part-stream 41 is routed to the annular combustion chamber wall located 
on the radially inner side. From there, the part-stream 41 flows along the annular combustion 
chamber wall, cooling the latter, and is then mixed with a fuel in the burner 1 1 . The mixture is 
then burnt in the annular combustion chamber 9 to form the hot working medium 19. 

[00033] The part-stream 43 which flows within the further part-passage 47, after it has 
emerged from the diffuser 15, is routed to the radially outer annular combustion chamber wall, 
and from there is routed onward into the burner 11, where it is likewise mixed with a fuel and 
then burnt in the combustion space 17 to form the hot working medium 19. 

[00034] The middle part-stream 51 flows into the distribution element 35 and is diverted 
in the direction of the lower supporting elements 55. From there, it flows through the hollow 
supporting elements 55 in the direction of the rotor 5 and opens out into an annular passage 
57. Then, this part-stream 51, as cooling fluid, is routed to the turbine stages parallel to the 
axis of rotation 3 and used there to cool the guide vanes 23 and rotor blades 25. 
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[00035] The middle part-stream 5 1 has the most favorable properties for use as a cooling 
fluid. In the flow passage 29, the compressor air is contaminated to a greater extent with 
particles in particular in the vicinity of the radially inner and outer walls 31, 33 of the diffuser 
15, whereas the middle flow located in between is as far as possible devoid of particles. In 
addition, the lowest pressure combined with the highest pressure is likewise present in the 
same region. Therefore, this part of the flow is used to cool the blades and vanes arranged in 
the turbine. 

[00036] The temperature of the middle part-stream 51 can be additionally reduced by 
water H2O being injected downstream of the annular gap opening 49 through the water pipe 
59. The nozzle 62 atomizes the water H 2 0 to form small beads of water, so that it can 
evaporate more easily, with the result that it extracts heat from the part-stream 5 1 . As a result, 
the quantity of cooling fluid required is reduced further, and the opening which extends in the 
radial direction, in particular the annular gap opening 49, can as a result be made even 
narrower. 

[00037] The fuel which mixes with the part-stream 41 is injected through the fuel pipe 61. 
During the cooling of the radially inner annular combustion chamber wall, the mixture is 
heated, which has a positive effect on the NOx content in the working medium 19 during 
combustion, i.e. the NOx content is reduced. As seen in the direction of flow, the fuel B is 
supplied well downstream of the distribution of the fluid F in the downstream region of the 
part-passage 45. This prevents backflow of the fuel B and therefore prevents it from mixing 
with the part-stream 5 1 . 

[00038] Fig. 2 shows the distribution element 35 as seen in the direction of flow. The 
distribution element 35 is supported against the inner wall located on the radially inner side by 
means of the lower supporting elements 55 and against the outer wall 33 located on the 
radially outer side, which is not shown here, by means of the upper supporting elements 53. 
The walls 37, 39, together with the opposite walls 31, 33 of the diffuser 15, in each case form 
a part-passage 45, 47. On its side facing the compressor 7, the distribution element 35 has an 
annular gap opening 49, which is segmented by means of radially extending ribs 65. 

[00039] From the compressor 7, the fluid (F) in the diffuser 15 flows in the direction of the 
distribution element 35, where it is divided into three part-streams 41, 43, 51. 
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[00040] The middle part-stream 5 1 flows into the annular gap opening 49 and is diverted 
in the direction of the rotor 5 by the inner contour of the hollow distribution element 35. It 
then flows through the hollow lower supporting ribs 55 and after that is fed into the annular 
passage 57, from where the part-stream 51 is routed in the axial direction to the turbine stages 
and is then used to cool the guide vanes and rotor blades, which are exposed to hot gas, so that 
their impingement and film cooling openings can provide the specified cooling air for a longer 
period of time on account of the reduced contamination of the cooling air. 
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